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PRELIMINARY NOTIONS. 

1. The numerical calculations which occur in Trigonometry 
are very much abbreviated by the aid of logarithms. The rules 
for their use are as follows : 

The logarithm of a product is equxxi to the m/m of the logarithms 
of its factors. 

The logarithm of a quotient is eqvxit to the logarithm of the divi- 
dend minus the logarithm of the divisor. 

The logarithm of any power of a number is equal to the logarithm 
of the number multiplied by the exponent of the power. 

Tlie logarithm of any root of a number is equal to the logarithm 
of the number divided by the index of the root. 

For the investigations of these rules the student is referred to 
the " Treatise on Trigonometry," p. 87, or to works on Algebra. 

The Common Logarithms (Briggs's) are the only ones used in 
extensive numerical calculations, and the only ones given in the 
following tables. 

The common logarithm of a number is. the exponent of that 
power of 10 which is equal to the number. 

Thus, the logarithm of 100 is 2, because 10* = 100. This is 
, usually written log 100 = 2. 10 is the ba^ of the common system. 

2. A system of common logarithms means the logarithms of all 
positive numbers to the base 10. 

From the above definition of common logarithms, it follows that 

10« = 1, .-. logl =0; 10-^ = .1, .-. log 0.1 =-1, 

10^ = 10, .-. log 10 = 1 ; 10-2 ^ 01, .-. log 0.01 = -2, 

10^ = 100, .-. log 100 = 2 ; 10 ^ = .001, .-. log 0.001 = -3, 

103 ^ 1000^ . log - 000 = 3 ; etc. ' log 0.0001 = -4, etc. 

• • • 
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IV LOGARITHMS. 

Hence, the logarithm of any number between 1 and 10 is some 
number between and 1 ; i.e., -f a fraction ; between 10 and 100 
is some number between 1 and 2 ; i.e., 1 -f a fraction, etc., etc. 

Thus, it appears that the logarithm of any number greater 
than 1 is positive^ and the logarithm of any positive number less 
than 1 is negative; and in general the logarithm of a number con- 
sists of two parts, an integral part and a decimal part. 

The integral part is called the characteristic of the logarithm, 
and may be eit?ier positive or negative. 

The decimal part is called the mantissa of the logarithm, and 
is always kept positive, in order that the mantissce of the logarithms 
of all numbers expressed by the same digits in the same order may 
always be the same, 

3. It is evident from the above table that the characteristic 
can always be obtained by the following rule : 

The characteristic of the logarithm of a number greater than unity 
is positive, and one less than the number of digits preceding the deci- 
TJfial point. 

The characteristic of the logarithm of a number less than unity is 
negative, and one more than the number of ciphers immediately after 
the decimal point. 

Thus, the characteristics of the logarithms of 3406, 34(y.6, ' 
34.06, 3.406, .3406, .0003406, are respectively, 3, 2, 1, 0, - 1, - 4 ; 
the mantissse are the same, J)eing .53224. 

Hence, log .0003406 = 4.53224, the minus sign being written 
over the characteristic to indicate that it only is negative, the 
mantissa being always positive. 

4. In practice it is more common to avoid the use of negative 
characteristics by increasing them by 10, and then by allowing f oi 
it in the interpretation of the results. 

Note. — It is only in rare cases that more than seven places of the man- 
tissa are required ; in general, four or five are sufi&cient ; and it is only for the 
most accurate computations that six or seven are used. 

5. A taMe of logarithms is a table by which the logarithm of 
any given number, or the number corresponding to any given loga- 
rithm, may be found. 



IXPLANATION OF THE TABLES, V 

TABLE I. LOGARITHMS OF NUMBERS (Pages 1-19). 

6. This table gives the mantissse of the logarithms of the 
natural numbers from 1 to 10009, calculated to five decimal places.* 
The characteristics are determined by the rule in Art. 3. On p. 1, 
both the characteristic and the mantissa are given. 

7. To find the logarithm of a given number, 

(1) For a number of one, two, or three figures only. 

If the number has one or two figures, find it on page 1 in the 
column headed N. Then in the same horizontal line as the 
w HMimber, and in the next column headed Log, will be found its 
logarithm. 

Thus, log 7 = 0.84510 ; log 68 = 1.83251. 

If the number has three figures, find on one of the pages 2-19, 
in the column headed N, the given number. Then in the same 
horizontal line as the number, and in the next vertical column, 
which is headed 0, will be found the mantissa of its logarithm : 
prefix the characteristic by the rule in Art. 3. 

Thus, log 416 = 2.61805 ; log 94.8 = 1.97681. 

Note 1. — A dash under a terminal 5 indicates that the true value is less 
than 5. Thus the logarithm of 415 to seven decimal places is 2.6180481. 
If only five decimal places are required, we neglect the 81 and increase 4 
to 6. If six decimal places are required, the 1 is neglected ; thus the above 
logarithm is written 2.618048. 

(2) For a number of four fi/gures. 

Find on one of the pages 2-19, in the column headed N, the 
first three figures of the given number. Then in the same hori- 
zontal line as the first three figures, and in the vertical column 
which has the fourth figure of the given number at the top, will 
be found the last three figures of the mantissa of the required 
logarithm, to which the first two figures in the nearest mantissa 
above, in the column headed 0, are to be prefixed; supply the 
characteristic by the rule in Art. 3. 

Note 2. — To save space, only the last three figures of the mantissas 
are given in the columns headed 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and the first two 
at intervals, in the column under L. When the first two figures are not 



* With five decimal places the numbers >vill be correct to the one hundred-thousandth part 
of a unit, which is near enough for most practical applications. 



Vi LOG iRITHMS. 

given in any line, they are to be taken from the first line abt)ve containing 
them, unless the last three are preceded by a star *, in which case they are 
to be taken from the line immediately below. 

Thus, (p. 13) log 6615 = 3.82053, log 67.36 = 1.82840, log 6.764 
= 0.83020. 

(3) For a number of more than four Jigures, 

To find log 2845.672. 

We find from the table on p. 6, as in (2), 

log 2845 = 3.45408 
and log 2846 = 3.45423 

dife. for 1 = 0.00015 

Thus, for an increase of 1 in the number there is an increase 
of .00015 in the logarithm. 

Hence, assuming that the increase of the logarithm is pro- 
portional to the increase of the number, then aw increase in the 
number of .672 wiU correspond to an increase in the logarithm of 
.672 X .00015 = .00010, to the nearest fifth decimal place. 

Hence log 2845 = 3.45408 

diff. for.672= .00010 



.-. log 2845.672 = 3.45418 

Note 3. — We assumed in this method that the increase in a logarijbhm 
is proportional to the increase in the number. Although this is not strictly 
true, yet in most cases it is sufficiently exact for practical purposes. 

8. From the above work we have the following rule for a 
number of more than four figures : 

Find the tabular mantissa of the first four significant figures of 
the number; subtract this mantissa from the next greater tabular 
mantissa; multiply the difference thus found by the remaining 
figures of the number^ as a decimal ; add the product to the mantissa 
of the first four figures, and prefix the proper characteristic. 

Note 4. — The difference between any mantissa m the table and the 
mantissa of the next higher number of four figures, is called the tabular dij- 
ference ; and the corresponding proportional parts are placed in the column 
headed P.P. By means of this column of proportional parts the above mul- 
tiplication is facilitated. 

It will be seen that this difference between the logarithms of 
two consecutive numbers is not always the same; for instance, 
those in the upper part of p. 5 differ by .00018, while those in the 
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middle and the lower parts differ by .OOOIG and .00014. In the 
column with the heading 15 we see the difference 9 corresponding 
to the figure 6, which implies that when the difference between 
the logarithms of two consecutive numbers is .00015, the increase 
in the logarithm corresponding to an increase of .6 in the yiumher 
is .00009. 

Thus, the mantissse of the logarithms of 2845 and 2846 differ 
by .00015; therefore 15 is the tabular difference. Then in the 
proportional table for 15, we find 

the proportional part for 6 = 9.00 
^ " " " 7= 1.05 

Y^ " " " 2= 0.03 

" '' " 672 = 10.08, 

or 10 to the nearest integer, which agrees with the value above. 

9. To find the number corresponding to a given logarithm. 

By reversing the above operations, the number corresponding 
to a given logarithm may be. found, as will be seen by the follow- 
ing example : 

Find the number whose logarithm is 3.47384. 

We find that this mantissa does not occur exactly in the table. 
We therefore take out the next smaller mantissa, .47378 (on p. 5), 
whose corresponding number is 2977, and the next greater man- 
tissa .47392, whose corresponding number is 2978. 

The difference between these two mantissae =.00014. 

The difference between the smaller and given mantissae = .00006. 

Thus, for an increase of 1 in the number, there is an increase 
of .00014 in the mantissa; hence for an increase of .00006 in the 
mantissa there will be an increase of y\ of 1 in the number 
= .43. 

Hence, the number corresponding = 2977.43. 

From the above work we have the following rule : 

Find the tabidar mantissa next less than the given mantissa, and 
the corresponding number of four figures ; divide the difference of 
these mantissas, by the tabidar difference, annex the quotient to the 
first four figures of the number, and point off the result according to 
the characteristic. 
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From this work, we have the following rule : 

Find from tlie table the logarithmic function for the degrees ana 
minutes, and the corresponding tabular difference; divide this differ- 
ence by 60, multiply the quotient by the number of seconds, and add 
this correction, if the function is a sine or tangent; or subtract it, 
if the function is a cosine or cotangent. 

Note. — The labor of multiplication and division may be saved by means 
of the tables of proportional parts given in the right niargin, the use of 
which is similar to those given in the table of logarithms of numbers. The 
proportional parts between 0° and 1°, and 89° and 90°, are given for 1, 2, 3, 
etc., tenths of a second ; and between 1° and 89° they are given for 1, 2, 3, 
etc., seconds. 

Ex. 2. To find log tan 64° 35' 18". 

Page 63, log tan 64° 35 ' = 0.32313. Tab. diff . = 33. 

Under diff. 33, P.P. for 10" = 5.5 

P.P. for 8" = 4^ 

.-. log tan 64° 36' 18" = 0.32323. 

Ex. 3. To find log cos 35° 44' 49". 

Page 73, log cos 35° 44' = 9.90942. Tab. diff. = 9. • 

Under diff. 9, P.P. for 40" = - 6.0 

P.P. for 9" = -1.4 

.-. log cos 35° 44' 49" = 9.90935. 

Note. — Since the cosine diminishes as the angle increases, we subtract 
the proportional parts. 

14. To find the angle corresponding to a given logarithmic sine 
or tangent. 

By reversing the above operations, the angle corresponding to 
a given logarithmic function may be found, as will be seen by the 
following examples : 

Ex. 1. Find the angle whose log sin = 9.81510. 

We find that this mantissa does not occur exactly in the 
column of logarithmic sines. We therefore take out the next 
smaller logarithmic sine, 9.81505 (on p. 78), whose corresponding 
angle is 40° 47', and the tabular difference 14. The difference 
between this logarithm and the given one is 5. The difference 
for 1" is 14 -5- 60 or .23; hence for an increase of 5 in the man- 
tissa there will be an increase of -^ seconds in the angle = 21 " 

Hence, the angle corresponding = 40° 47' 21". 
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EXPLANATION OF THE TABLjSS. XI 

From this work we have the following rule : 

F^ind the tabular logarithmic function next less than the given 
function, and the corresponding degrees and minutes; divide the 
difference of these logarithms by the difference for 1", and annex the 
quotient to the degrees and minutes. 

NoTf 1. — The method for finding the angle corresponding to a given 
logarithmic coeine or cotangent is the same, except that we find the next 
greater tabular logarithmic function, instead of the next less. 

Note 2. — The labor of division may be saved by using the tables of pro- 
portional parts. 

Ex. 2. Find the angle whose log tan = 9.87258. 

Given log tangent = 9.87258 
Page 74, log tan 36° 42' = 9.87238 . Tab. diff. = 26. 

Difference of logarithms = 20 

Under tab. diff. 26, P.P. for 40" = 17\3 

2.7 

Under tab. diff. 26, P.P. for 6" = 2^ 

.-. required angle = 36° 42' 46". 

Ex. 3. Find the angle whose log cos = 9.27235. 

Given log cosine = 9.27235 
Page 48, log cos 79° 12' = 9.27273 . Tab. diff. = 67. 

Difference of logarithms = 38 

U^der tab. diff. 67, P.P. for 30" = 33^ 

Under tab. diff. 67, P.P. for 4" = -15 

.-. required angle = 79° 12' 34". 

15. SINES, ETC., OF SMALL ANGLES. 

Ex. 1. To find log sin 0° 45' 37".28. 

Page 30, log sin 0° 45' 37" = 8.12284. Tab. diff. = 16. 

Hence, diff. for 0".28 = 16 x .28 = 4.48 

.-. log sinO° 45' 37".28 = 8.12288 

Note, «* The tables of proportional parts may be ueedi .Hi plained i^ 
Art. 18. 
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Ex. 2. To find log tan 0* 54' 27".68. 

Page 33, log tan 0° 54' 27" = 8.19976. Tab. di«E. = 13. 

Under diff. 13, P.P. for 0".6 = •7.8 

P.P. for .08 = 1.04 

.-. log tan 0° 54' 27".68 = 8.19985. 

Ex. 3. To find log cos 89° 22' 35".63. 

Page 28, log cos 89° 22' 35" = 8.03678. Tab. diff. = 19. 

P.P. for 0".6 = - 11.4 
P.P. for .03 = - 0.57 

.-. log cos 89° 22' 35".63 = 8.03666. 

Ex.4. To find log sin 4° 36' 58".6. 

Page 40, log sin 4° 36' 50" = 8.90548. Tab. difiE. = 26. 

P.P. for 8" = 20.8 

P.P. for 0.6 = 1.56 



.-. log sin 4° 36' 6%^% = 8.90570. 

Ex. 5. To find log tan 5° 14' 46".4. 

Page 43, log tan 5° 14' 40" = 8.96279. Tab. diff. = 2a 

P.P. for 6" = 13.8 

P.P. for 0.4 = 0.92 

.-. log tan 5° 14' 46".4 = 8.96294. 
Page 42, log cos 5° 38' 32".8 = 9.99789. 

Ex. 6. To find log cot 85° 45' 23".7. 

Page 41, log cot 85° 45' 20" = 8.87049. Tab. diflE. = 29. 

P.P. for 3" = -8.7 
. P.P. for 0.7 = -2.03 

.-. log cot 85° 45' 23".7 = 8.87038. 

Note. — When the logarithmic function is given, the angle may be 
found by reversing the above operations, as in Art. 14. 

TABLE III. THE NATURAL* TRIGONOMETRIC FUNCTIONS. 

16. This table (pp. 84-87) contains the natural sines, tangents, 
etc., of angles from 0° to 90°, at intervals of 10', calculated to 
four places of decimals. If greater accuracy is required it may 
be obtained by the proportional parts. 

* A table which gives the yalues of the tiigt>noip«tric einea, oosiiies, etc., is called a tdbU 
€ff natural trigonatneirio /tmcUotu, 
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17. To fiiid the stjie, tangent, etc., of a given angle. 

If the sine or tangent is required, we look for the degrees in 
the left-hand column, and the minutes at the top of the page. If 
the cosine or cotangent is required, we look for the degrees in the 
right-hand column, and the minutes at the bottom of the page. 
The use is similar to that of the table of logarithmic functions, 
as may be seen by the following examples : 

Ex. 1. Find the sine of 28° 14'. 

Page 84, sin 28° 10' = 0.4720. Tab. diff. = 26. 

Undeif diff. 26, P.P. for 4' = 10.4 

.-. sin 28° 14' = 0.4730. 

Ex. 2. Find the cotangent of 81° 49'. 
Page 86, cot 81° 40' = 0.1465. Tab. diff. = 30. 

Under diff. 30, P.P. for 9' = -27 

.-. cot 81° 49' = 0.1438. 

18. To find the angle corresponding to a given sine, tangent- 
cosine, or cotangent. 

Ex. 1. Find the angle whose cosine is .4585. 

Given cosine = 0.4585 
Page 84, cos 62° 40' = 0.4592. Tab. diff. = 26. 

diff. = 7 

Under tab. diff. 26, P.P. for 2' = 5^ 

1.8 

,-. required angle = 62° 42'.7. 
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9.19 672 
9.19 751 
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9.21 229 
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9.21 610 
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9.46 694 
9.46 68$ 
9.46 676 
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9.46 T58 
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9.46 928 
9.46 964 
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9.4T08i 
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9.47 168 
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9.47 249 
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9.47 880 
9.47 871 



9.47 411 
9.47 452 
9.47 492 
9.47 588 
9.47 678 



9.47 618 
9.47 654 
9.47 694 
9.47 7a4 
9.47 774 



9.47 814 
9.47 854 
9.47 894 
9.47 984 
9.47 974 



9.48 014 
9.48 054 
9.48 094 
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•9.48 178 
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9.48 882 
9.48 871 



9.48 411 
9.48 450 
9.48 490 
9.48 529 
9.48 568 



9.48 607 
9.48 647 
9.48 686 
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9.48 808 
9.48 842 
9.48 881 
9.48 920 
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9.48 684- 
9.48 579 
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9.48 669 
9.48 714 



9.48 769 

9.48 849 ' 
9.48 894 
9.48 989 



9.48 984 

9.49 029 
9.49 078 
9.49 118 
9.49168 



9.49 207 
9.49 262 
9.49 296 
9.49 841 
9.49 88$ 



9.49 480 
9.49 474 
9.49 619 
9.49 668 
9.49 607 



9.49 662 
9.49 696 
9.49 740 
9.49 784 
9.49 828 



9.49 872 
9.49 916 
9.49 960 
9.60 004 
9.60 048 



9.60 092 
9.60 186 
9.60180 
9.60 228 
9.60 267 



9.60 811 
9.60 86C^ 
9.60 898 
9.60 442 
9.60 48(^ 



9.50 529 
9.60 572 
9.50 616 
9.50 669 
9.50 708 



9.50 746 
9.50 789 
9.60 888 
9.50 876 
9.60 919 



9.50 962 
9.51005 

9.51 048 
9.51 092 
9.51 180 



9.51 178 
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44 
48 

48 
44 
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43 
44 
48 
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L. Cotg. 

0.61 466 
0.61 421 
0.61 876 
0.61 881 
0.61 286 



0.61 241 
0.61 196 
0.01 161 
0.51 106 
0.01 061 



0.61 016 
OJW 971 
0.b0 927 
0.60 882 
0.^887 



0.60 798 
0.60 748 
0.60 704 
0.60 659 
0.60 61$ 



0.60 670 
0.60 526 
0.60 481 
0.60 487 
0JM)898 



0.60 848 
0.60 804 
0.60 260 
0.60 216 
0.00 172 



0.50 128 
0.80 084 
0.60 040 
0.49 996 
0.49 952 



0.49 908 
0.49 864 
0.49 820 
0.49 777 
0.49 788 



0.49 689 
0.49 64$ 
0.49 602 
0.49 558 
0.49 61$ 



0.49 471 
0.49 428 
0.49 884 
0.49 841 
0.49 297 



0.49 254 
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0.49 167 
0.49 124 
0.49 081 



0.49 088 
0.48 99$ 
0.48 952 
0.48 908 

0.48 86$ 



0.48 822 
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9.98 082 
9.98 029 
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17 
18 

17 
17 
18 
17 
17 

17 
18 
17 
17 
IT 

18 
17 
17 
17 
18 

17 
17 
17 
17 

17 

17 
17 
18 
17, 
IT 

n 

17 
17 
17 
17 

17 
17 
IT 
17 
17 

17 
17 
17 
17 
17 

17 
17 
16 
17 
17 

17 
17 
17 
17 
16 

17 
17 
17 
17 
16 



d. 



L. Tang. 

9.86 126 
9.86158 
9.86 179 
9.86 206 
9.86 282 



9.86 259 
9.86 285 
9.86812 
9.86 888 
9.86 865 



9.86 892 
9.86 418 
9.86 445 
9.86 471 
9.86 498 



9.86 524 
9.86 551 
9.86 577 
9.86 608 
9.86 680 



9.86 656 
9.86 688 
9.86 709 
9.86 786 
9.86 762 



9.86 789 
9.86 815 
9.86 812 
9.86 868 
9.86 894 



9.86 921 
9.86 947 

9.86 974 

9.87 000 
9.87 027 



9.87 058 
9.87 079 
9.87 106 
9.87 182 

9.87 158 



9.87 185 
9.87 211 
9.87 288 
9.87 264 
9.87 290 



9.87 817 
9.87 848 
9.87 869 
9.87 896 
9.87 422 



9.87 448 
9.87 475 
9.87 501 
9.87 527 
9.87 554 



9.87 580 
9.8T606 
9.8T688 
9.8T669 
9.8T685 



9.8T 711 



L. Cotg. 



c.cl. 



27 
26 
27 
26 
27 

26 
27 
26 
2T 
2T 

26 
2T 
26 
2T 
26 

2T 
26 
26 
2T 
26 

2T 
26 
2T 
26 
27 

26 
27 
26 
26 
2T 

26 
2T 
26 
2T 
26 

26 
2T 
26 
26 
2T 

26 

2T 
26 
26 
2T 

26 
26 
2T 
26 
26 

27 
26 
26 
27 
26 

26 
27 
26 
26 
26 



L. C«tp. 

0.13 874 
0.18 847 
0.18 821 
0.18 794 
0.18 768 



0.18 741 
0.18 715 
0.18 688 
0.18 662 
0.18 685 



0.18 608 
0.18 582 
0.18 555 
0.18 52d 
0.18 502 



0.18 476 
0.18 449 
0.13 428 
0.18 897 
0.18 870 



0.18 844 
0.18 817 
0.18 291 
0.18 264 
0.18 288 



L. Cos. 

9.90 796 
9.90 787 
9.90 777 
9.90 768 
9.90 759 



9.90 750 
9.90 741 
9.90 781 
9.90 722 
9.90 718 



0.18 211 
0.18 185 
0.18 158 
0.18 182 
0.18 106 



0.18 079 
0.13 058 
0.18 026 
0.18 000 
0.12 978 



0.12 947 
0.12 921 
0.12 894 
0.12 868 
0.12 842 



0.12 815 
0.12 789 
0.12 762 
0.12 786 
0.12 710 



0.12 688 
0.12 657 
0.12 681 
0.12 604 
0.12 578 



0.12.VJ2 
0.12 525 
0.12 499 
0.12 478 
0.12 446 



0.12 420 
0.12 894 
0.12 867 
0.12 841 
0.12 815 



0.12 289 



c.d. L. Tang. 

53' 



9.90 704 
9.90 694 
9.90 685 
9.90 676 
9.90 667 



9.90 657 
9.90 648 
9.90 689 
9.90 680 
9.90 620 



9.90 611 
9.90 602 
9.90 592 
9.90 588 
9.90 574 



9.90 565 
9.90 555 
9.90 54^ 
9.90 587 
9.90 527 



9.90 618 
9.90 509 
9.90 499 
9.90 490 
9.90 480 



9.90 471 
9.90 462 
9.90 462 
9.90 448 
9.90 484 



9.90 424 
9.90 415 
9.90 405 
9.90 896 
9.90 886 



9.90 877 
9.90 868 
9.90 858 
9.90 849 
9.90 889 



9.90 880 
9.90 820 
9.90 811 
9.90 801 
9.90 292 



9.90 282 
9.90 278 
9.90 268 
9.90 254 
9.90 244 



9.90 285' 



L. Sin. 



9 
10 
9 
9 
9 

9 
10 

^ 
9 
9 

10 
9 
9 
9 

10 

9 
9 
9 
10 
9 

9 
10 
9 
9 
9 

10 
9 
9 

10 
9 

9 
10 

9 
10 

9 

9 

10 
9 
9 

10 

9 
10 

9 
10 

9 

9 
10 

9 
10 

9 

10 
9 

10 
9 

10 

9 
10 

9 
10 

9 



d. 



•0 

59 
58 
57 
66 



66 
54 
58 
62 
ftf 



60 

49 
48, 
47 
46 



46 
44 
48 
42 
41 



P. P. 



40 

89 
88 
87 
86 



86 
84 
83 
82 
81 



SO 

29 
28 
27 
26 



26 
24 
28 
22 
21 



20 

19 
18 
17 
16 



16 
14 
18 
12 
11 



10 

9 
8 
7 
6 



4 
8 
2 
1 



27 26 



1 
2 
8 

4 

5 
6 
7 
8 
9 

10 
20 
80 
40 
50 



0.4 
0,9 

2,2 
2,7 
3,2 



0,4 
09 

i;a 

1.7 



2,2 
2,6 
8.0 



8,6 8,5 



*.o 



4.5 

9.0 

18,6 

18,0 

12,5 



8,9 



4.8 

6.7 

18AI 

17,8 

21,7 



1 
2 
8 

4 

5 
6 

7 
8 
9 

10 
20 
80 
40 
60 



18 1^' 16 



0,8 
0.6 
0,9 
1.2 



1.6 

1.8 

«.4 
8,7 



0,8 
0,6 
0,8 

1.1 

1.4 

1.7* 

2,0 

2.8 
2,6 



0,8 
0.6 
0,8 
1.1 

1.8 
1,« 
1.9 
2.1 
2.4 




10 9f 



1 
2 
8 

4 

6 
6 



0,2 
0.8 

0.7 

0.8 
1.0 



0,2 
0,8 
0.4 
0.6 



0,8 
0,9 



7 


12 


1« 


8 


13 


12 


9 


1> 


i;4 


10 


1.7 


1.5 


20 


8.3 


8.0 


80 


^0 


4.5 


40 
60 


H 


6.0 
7,5 



P. p. 



37^ 



76 





1 

2 
8 

4 

~ 
6 

7 
S 
9 

lo" 

11 
12 
13 
14 

IH" 

16 
17 
18 
19 



20 

21 
22 
23 

34 



25 
26 
27 

28 
29 

"io" 

81 
32 
88 
84 

"is" 

86 
37 
88 
89 

lo" 

41 
42 
43 
44 



45 
46 
47 

48 
49 

"so" 

51 
52 
53 
54 

"55" 
56 
57 
58 
59 

"eo" 



L. Sin. 

9.77 946 
9.77 968 
9.77 980 

9.77 997 

9.78 018 



9.78 080 
9.78 047 
9.78 068 
9.78 080 
9.78 097 



9.78 118 
9.78 180 
9.78 147 
9.78 168 
9.78 180 



9.78 197 
9. 78 218 
9.78 280 
9.78 246 
9.78 268 



9.7« 2S0 
9.78 296 
9.78 318 
9.78 82^ 
9.78 846 



9.78 862 
9.78 879 
9.78 39$ 
9.78 412 
9.78 428 



9.78 44C^ 
9.78 461 
9.78 478 
9.78 494 
9.78 510 



9.78 527 
9.78 548 
9.78 560 
9.78 576 
9.78 592 



9.78 609 
9.78 626 
9.78 64^ 
9.78 658 
9.78 674 



9.78 691 
9.78 707 
9.78 728 
9.78 789 
9.78 756 



9.78 772 
9.78 788 
9.78 8O5 
9.78 821 
9.78 887 



9.78 853 
9.78 869 
9.78 886 
9.78 902 
9.78 918 



9.78 984 



L. Cos. 



17 
17 
17 

16J 
17 

17 
16 
17 
17 
16 



17 
17 
16 
17 
17 

16 
17 
16 
17 
17 

16 
17 
16 
17 
16 

17 
16 
17 
16 
17 

16 
17 
16 
16 

17 

16 
17 
16 
16 
17 

16 
17 
16 
16 
17 

16 
16 
16 
17 
16 

16 
17 
16 
16 
16 

16 
17 
16 
16 
16 



L. Tang. 

9.87 711 
9.87 788 
9.87 764 
9.87 790 
9.87 817 



9.87 848 
9.87 869 
9.87 895 
9.87 92^2 
9.87 948 



9.87 974 

9.88 000 
9.88 027 
9.88 058 
9.88 079 



9.88 105 
9.88 18i 
9.88158 
9.88184 
9.88 210 



9.88 286 
9.88 262 
9.88 289 
9.88 81$ 
9.88 841 



9.88 867 
9.88 898 
9.88 420 
9.88 446 
9.88 472 



9.88 498 
9.88 524 
9.88 560 
9.88 577 
9.88 608 



9.88 629 
9.88 65$ 
9.88 681 
9.88 707 
9.88 738 



9.88 76© 
9.88 786 
9.88 812 
9.88 888 
9.88 864 



9.88 890 
9.88 916 
9.88 942 
9.88 968 
9.88 994 



9.89 020 
9.89 046 
9.89 078 
9.89 099 
9.89 12$ 



9.89 151 
9.89 177 
9.89 208 
9.89 229 
9.89 25$ 



9.89 281 
L. Cotg. 



c.d. 



27 
26 
26 
27 
26 

26 
26 
27 
26 
26 

26 
27 
26 
26 
26 

2tf 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 

27 
26 
26 
26 

26 
26 
27 
26 
26 

26 
26 
26 
26 
26 

27 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
27 
26 
26 
26 

26 
26 
26 
26 
26 



c.d. 



L. Cotg. 

0.12 289 
0.12 262 
0.12 286 
0.12 210 
0.12 188 



0.12 157 
0.12 181 
0.12 10$ 
0.12 078 
0.12 052 



0.12 026 
0.12 000 
0.11 978 
0.11 947 
0.11 921 



0.11 89$ 
0.11 869 
0.11 842 
0.11 816 
0.11 790 



0.11 764 
0.11 788 
0.11 711 
0.11 685 
0.11 669 



(1.11 688 
0.11 607 
0.11 580 
0.11664 
0.11 628 



0.11 602 
0.11 476 
0.11 4$0 
0.11 428 
0.11 897 



0.11 871 
0.11345 
0.11 31^ 
0.11 293 
0.11 267 



0.11 241 
0.11 214 
0.11 188 
0.11 162 
0.11 186 



0.11 110 
0.11 084 
0.11 058 
0.11 082 
0.11 006 



0.10 980 
0.10 954 
0.10 927 
0.10 901 
0.10 875 



0.10 849 
0.10 823 
0.10 797 
0.10 771 
0.10 745 



0.10 719 
L. Tang. 



L. Cos. 

9.90 28$ 
9.90 226 
9.90 216 
9.90 206 
9.90 197 



9.90 187 
9.90 178 
9.90 168 
9.90159 
9.90 149 



9.90 189 
9.90180 
9.90 120 
9.90 111 
9.90 101 



9.90 091 
9.90 082 
9.90 072 
9.90 063 
9.90 058 



9.90 043 
9.90 034 
9.90 024 
9.90 014 
9.90 00$ 



9.89 995 
9.89 986 
9.89 976 
9.89 966 
9.89 966 



9.89 947 
9.89 937 
9.89 927 
9.89 918 
9.89 908 



9.89 898 
9. 89 888 
9.89 879 
9.89 869 
9.89 869 



9.89 849 
9.89 840 
9.89 830 
9.89 820 
9.89 810 



9.89 801 
9.89 791 
9.89 781 
9.89 771 
9.89 761 



9.89 752 
9.89 742 
9.89 732 
9.89 722 
9.89 712 



9.89 702 
9.89 693 
9.P9 688 
9.89 678 
9.89 668 



9.89 658 
L. Sin. 



10 
9 

10 
9 

10 

9 
10 

9 
10 
10 

9 

10 

9 

10 
10 

9. 
10 

9 
10 
10 

9 

10 
10 

9 
10 

10 

9 

10 

10 

9 

10 
10 
9 
10 
10 

10 
9 
10 
10 
10 

9 
10 
10 
10 

9 

10 
10 
10 
10 
9 
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10 
10 
10 
10 

9 

10 
10 
10 
10 



d. 



60 

59- 
&S 
57 
66 



65 
64 
68 
62 
61 



&0 

49 

48 
47 
46 



45 
44 
48 
42 
41 



40 

39 
38 
37 
30 



86 
84 
83 
82 
81 



80 

29 

28 
27 
26 



25 
24 
28 
22 
21 



80 

19 
18 
17 
16 



16 
14 
13 
12 
11 



10 

9 

8 
7 
6 



5 
4 
8 
2 
1 



P. P. 



1 
2 
8 

4 

6 
6 

7 
8 
9 

10 
20 
80 

40 
60 



1 
2 
8 
4 

6 
6 

7 
8 
9 

10 
20 
30 
40 
60 



1 
2 
8 
4 

6 
6 
7 
8 
9 

10 
20 
80 
40 
60 



27 26 



0.4 

0/J 
1.4 
1.8 

2.2 

2J 

8,6 
4,0 

4,6 

9,0 

18,5 

18,0 

22,5 



0.8 
0,6 
0.8 
1.1 



1.4 

2.0 
2.8 
2.6 

2.8 

8.5 
11.8 
14.2 



0,5 
0.7 

08 

1.2 

1.8 
1.5 

1.7 
3.8 
5.0 
6.7 
8,8 



0.4 
0.9 
1,8 
IJ 

2.2 
2,6 
3,0 

8.$ 
3.9 

4.3 

8.7 
18,0 
17.8 
21,7 



17 16 



0,3 
0.5 
0.8 
1.1 



1|8 

1.6 
l.» 
2,1 

2.4 



2.7 

6.8 

8,0 

10,7 

18,8 



10 8 



0,3 
0.6 



0,8 
0,9 
1.0 
1.2 
1.4 

1.5 
3.0 
4.5 
6,0 
7.5 



P.P. 



\ 



M 



if 

as 



til 



11 
III 

ill 
ii 



II 



1 



i 

if 



LSZ. 



I 



78 





1 

2 
3 
4 

6 
7 
8 
9 

lo" 

11 
12 
18 
14 

lb 
16 
17 
18 
19 



L. Sin. 

9.80 807 
9.80 822 
9.80 837 
9.80 852 
9,80 867 



9. SO 882 
9.80 897 
9.80 912 
9.80 927 
9.80 942 



9.80 957 
9.80 972 

9.80 987 
9.81002 

9.81 017 



9.81 032 
9.81 047 
9.81 061 
9.81 076 
9.81 091 



20 

21 
22 
28 
24 

Is" 

26 
27 

28 
29 

"So" 

81 
82 
88 
84 



9.81 106 
9.81 121 
9.81 186 
9.81 151 
9.81 166 



9.81 180 
9.81 195 
9.81 210 
9.81 225 
9.81240 



9.81 254 
9.81 269 
9.81 284 
9.81 299 
9.81 814 



35 
86 
87 
88 
89 



9.81 323 
9.81 848 
9.81 358 
9.81 872 
9.81 887 



40 

41 
42 
48 
44 

"45" 
46 
47 

48 
49 



9.81 402 
9.81417 
9.81 431 
9.81 446 
9.81 461 



9.81 475 
9.81 490 
9.81 505 
9.81 519 
9.81 534 



60 

51 
52, 
53 
54 

"55" 
56 
57 

58 
59 



9.81 M9 
9.81 563 
9.81 578 
9.81 592 
9.81 607 



9.81 622 
9.81 686 
9.81 651 
9.81 605 
9.81 680 



9.81 694 



L. Cos. 



16 
15 
15 
15 
15 

15 
15 
15 
15 
16 

16 
15 
16 
16 
16 

15 
14 
15 
16 
16 

15 
16 
16 
16 
14 

16 

15 
15 
15 
14 

15 
15 
15 
15 
14 

16 
15 
14 
15 
15 

15 
14 
15 
15 
14 

15 
15 
14 
15 
15 

14 
15 
14 
15 
16 

14 
15 

14 
15 
14 



L. Tang. 

9.92 881 
9.92 407 
9.92 438 
9.92 458 
9.92 484 



9.92 510 
9.92 686 
9.92 66i 
9.92 587 
9.92 612 



9.92 638 
9.92 663 
9.92 689 
9.92 715 
9.92 740 



9.92 766 
9.92-792 
9.92 817 
9.92 848 
9.92 868 



9.92 894 
9.92 920 
9.92 94$ 
9.92 971 
9.92 996 



9.98 022 
9.98 048 
9.98 078 
9.98 099 
9.98 124 



9.98 100 
9.98 176 
9.98 201 
9.98 227 
9.98 252 



9.98 278 
9.98 803 
9.98 829 
9.98 864 
9.98 eS80 



9.98 406 
9.98 481 
9.98 467 
9.98 482 
9.98 508 



9.93 538 
9.98 559 
9.98 584 
9.98 610 
9.93 686 



9.93 661 
9.93 687 
9.93 712 
9.93 738 
9.93 763 



9.98 789 
9.98 814 
9.93 840 
9.93 865 
9.98 89i 



9.98 916 



L. Cotg. 



c.d. 

26 
26 
25 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
25 
26 

26 
25 
26 
25 
26 

26 
25 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
25 
26 

26 
26 
25 
26 
26 

25 
26 
25 
26 
25 

26 
25 
26 
26 
26 

26 
25 
26 
26 
26 

25 
26 
25 
26 
25 



c.d. 



40' 



L. Cotg. 

0.07 619 
0.07 698 
0.07 667 
0.07 642 
0.07 516 



0.07 490 
0.07 460 
0.07 489 
0.07 418 
0.07 888 



0.07 862 
0.07 837 
0.07 811 
0.07 2a> 
0.07 260 



0.07 2*4 
0.07 208 
0.07 183 
0.07 157 
0.07 182 



0.07 106 
0.07 080 
0.07 065 
0.07 029 
0.07 004 



0.06 978 
0.06 952 
0.06 927 
0.06 901 
0.06 876 



0.06 850 
0.06 825 
0.06 799 
0.06 778 
0.06 748 



0.06 722 
0.06 697 
0.06 671 
0.06 646 
0.06 620 



0.06 594 
0.06 569 
0.06 543 
0.06 518 
0.06 492 



0.06 467 
0.06 441 
0.06 416 
0.06 890 
0.06 864 



0.06 339 
0.06 818 
0.06 288 
0.06 262 
0.06 287 



0.06 211 
0.06 186 
0.06 160 
0.06 185 
0.06 109 



0.06 084 



L. Tang. 



L. Cos. 

9.88 425 
9.88 41$ 
9.88 404 
9.88 894 
9.88 888 



9.88 872 
9.88 862 
9.88 861 
9.88 840 
9.88 880 



9.88 819 
9.88 808 
9.88 298 
9.88 287 
9.88 276 



9.88 266 
9.88 265 
9.88 244 
9.88 284 
9.88 228 



9.88 212 
9.88 201 
9.88 191 
9.88 180 
9.88 169 



9.88 158 
9.88 148 
9.88 187 
9.88 126 
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